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Among adult liver transplant recipients (LTRs), sleep disturbances and fatigue are common. Sleep problems following pedi-
atric liver transplantation may contribute to daytime fatigue and lower health-related quality of life (HRQOL). The aim of this
cross-sectional study was to determine the impact of sleep problems on the HRQOL of pediatric LTRs using validated
measures. Participants included 47 LTRs. Mean age of the LTRs was 10.9 6 4.6 years, and mean time since transplanta-
tion was 6.2 6 3.9 years. The primary indication for transplantation was biliary atresia (51%). According to parent reports,
pediatric transplant recipients had symptoms of sleep-disordered breathing, excessive daytime sleepiness, daytime behavior
problems, and restless legs; 40.4% of parents and 43.8% of children reported signiﬁcantly lower total HRQOL for the recipi-
ents. Age, time since transplantation, and health status were not signiﬁcantly related to the quality of life. Hierarchical
regression analyses revealed that the sleep-disordered breathing subscale of the Pediatric Sleep Questionnaire accounted
for signiﬁcant variance in parent-proxy reports on the Pediatric Quality of Life (PedsQL) summary scales measuring child-
ren’s psychosocial health (R2 ¼ 0.36, P < 0.001), physical health (R2 ¼ 0.19, P ¼ 0.004), and total HRQOL (R2 ¼ 0.35, P
< 0.001). Also, the sleep-disordered breathing subscale accounted for signiﬁcant variance in the child self-reported school
functioning scale (R2 ¼ 0.18, P ¼ 0.03). Clinically signiﬁcant sleep problems were more common among children with low
total HRQOL. In conclusion, sleep problems were common in this cohort of pediatric LTRs and predicted signiﬁcant variance
in HRQOL. Prospective larger scale studies are needed to assess factors that contribute to sleep difﬁculties and low
HRQOL in this population. The detection and treatment of signiﬁcant sleep problems may beneﬁt the HRQOL of pediatric
LTRs. Liver Transpl 18:707-715, 2012. VC 2012 AASLD.
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Pediatric liver transplant recipients (LTRs) have lower
health-related quality of life (HRQOL) than healthy
children across domains of physical and psychoso-
cial functioning1-5 and particularly in the area of
school functioning.2,3 The risk factors predictive of
lower HRQOL in pediatric LTRs are poorly
understood.
Among adult LTRs, sleep disturbances and fatigue
are common. A recent study examined the relation-
ship between fatigue, sleep quality, and quality of life
in adults before and after liver transplantation.6 The
study ﬁndings indicated that the majority of post-
transplant patients (77%) had poor sleep quality,
which was signiﬁcantly related to a higher body mass
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index and anxiety. Moreover, high levels of fatigue
and poor sleep quality were signiﬁcantly associated
with a lower quality of life before and after transplan-
tation.6 In a separate study, researchers similarly
found that poor sleep quality and fatigue were com-
mon symptoms after liver transplantation in adult
recipients.7 A high rate of restless leg symptoms (RLS;
39%), a frequent cause of decreased sleep quality and
quantity, has also been observed in adult LTRs.8
It is well documented that inadequate or disrupted
sleep has detrimental effects on HRQOL, physical
health, behavior, and learning in children with or
without medical comorbidities.9-14 Sleep problems af-
ter pediatric liver transplantation may contribute to
daytime fatigue, lower HRQOL, cognitive difﬁculties,
and behavioral disturbances. Thus, determining the
prevalence of sleep problems in this population is im-
portant for promoting optimal long-term health. To
date, no empirical investigations have been conducted
to determine the prevalence of sleep problems in pedi-
atric LTRs or their impact. The aim of this cross-sec-
tional study was to determine the impact of sleep
problems on pediatric LTRs’ HRQOL.
PATIENTS AND METHODS
Study Population
Parents and pediatric LTRs were recruited from the
Pediatric Liver Transplant Clinic at the University of
Michigan to participate in an investigation of child-
ren’s HRQOL, behavior, sleep quality, and health sta-
tus after liver transplantation. All children between
the ages of 2 and 17 years who had undergone liver
transplantation more than 6 months ago were eligible
for participation. Potential participants were identiﬁed
through University of Michigan electronic medical
records and were recruited during their Pediatric Liver
Transplant Clinic visits.
Procedures
This study was a cross-sectional survey of sleep prob-
lems among pediatric LTRs. The institutional review
board of the University of Michigan Medical School
approved all aspects of the study. Parents or guardians
completed standardized assessment measures of each
patient’s sleep problems and HRQOL during the child’s
Pediatric Liver Transplant Clinic appointment. To pre-
vent a potential response bias, the order of survey
administration was varied across participants. Children
older than 8 years completed a self-report measure of
HRQOL. Demographic and medical data were obtained
from University of Michigan electronic medical records.
Measures
Pediatric Sleep Questionnaire (PSQ)15
The PSQ is a validated, parent-completed instrument
that assesses multidimensional aspects of sleep in
children who are 2 to 18 years old. The PSQ includes
a 22-item sleep-related breathing disorder (SRBD)
index, which assesses symptoms such as nighttime
breathing difﬁculties (snoring), excessive daytime
sleepiness (sleepiness), and inattentive-hyperactive
behaviors (behavior).15 The PSQ also contains a 6-
item subscale measuring periodic limb movements
during sleep (PLMS), including RLS and growing
pains.16
The responses on the PSQ are yes (1), no (0), or
don’t know (missing). Scores on the PSQ represent the
proportion of nonmissing items that are positive. A
cutoff score of 0.33 (indicating that a patient is posi-
tive for 33% of the symptoms) is considered a positive
screen.15-17 The PSQ subscales have been validated
against polysomnography and have demonstrated
research and clinical utility.15-18 The PSQ is classiﬁed
as a well-established measure of pediatric sleep
according to the criteria developed by the American
Psychological Association Division 54 Evidence-Based
Assessment Task Force.19
Pediatric Quality of Life (PedsQL) 4.0 Generic
Core Scales20
The PedsQL is a validated, 23-item modular instru-
ment designed to measure HRQOL in children and
adolescents. The PedsQL assesses HRQOL across 4
domains: physical, emotional, social, and school func-
tioning. The PedsQL also yields 3 summary scores: a
total scale score, a physical health summary, and a
psychosocial health summary. It is a 5-level Likert
item survey (0-4) with reversed scored answers that
are linearly transformed to a 0 to 100 scale, with
higher scores reﬂecting higher HRQOL. The published
validation study identiﬁed a value 1 standard devia-
tion below the population mean for the PedsQL total
score (69.7 for children’s self-reports and 65.4 for
parent-proxy reports) as a threshold score for an at-
risk status for impaired HRQOL in comparison with
the population sample.21
Health Status Variables
The health status variables obtained for each partici-
pant were the number of acute cellular rejection epi-
sodes in the year before participation, the time since
transplantation, the results of liver function tests
(total bilirubin, aspartate aminotransferase, and ala-
nine aminotransferase), and the number of immuno-
suppressants at the time of participation.
Statistical Methods
Descriptive statistics (ie, means, standard deviations,
and percentages) were determined for demographic
variables, health status variables, PSQ subscales, and
PedsQL subscales. The prevalence of sleep problems
was calculated with the proportion of positive symp-
tom items on the PSQ subscales.15,22 Paired sample t
tests were used to assess statistical differences
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between the parent-reported and child-reported
HRQOL. Hierarchical multiple regression analyses
examining the contribution of sleep problems (as
measured by the PSQ) to children’s HRQOL were con-
ducted in order to test the primary hypothesis.
Finally, differences in scores on the PSQ between
children with high HRQOL and children with low
HRQOL (as measured by the PedsQL total score) were
examined with independent sample t tests. All analy-
ses were conducted with SPSS 18.0 for Windows
(SPSS, Inc., Chicago, IL).
RESULTS
Participant Characteristics
The participants included 47 LTRs. Clinical and de-
mographic information is presented in Table 1. The
mean age of the patients at the time of study partici-
pation was 10.9 6 4.6 years (range ¼ 2-17.6 years,
median ¼ 11.2 6 4.6 years), and the mean time since
transplantation was 6.2 6 3.9 years (range ¼ 7
months to 15.4 years, median ¼ 5.6 6 3.9 years). The
majority of the patients were white (55%) and female
(55%). The primary indication for transplantation was
biliary atresia (51%), and the primary immunosup-
pressant medication was tacrolimus (98%).
Prevalence of Sleep-Related Symptoms in
Pediatric LTRs
According to parent reports, pediatric LTRs in this
study had symptoms of sleep-disordered breathing,
excessive daytime sleepiness, daytime behavior difﬁ-
culties, and restless legs (Table 2).
The mean SRBD score for the sample of LTRs was
0.23 6 0.16, which indicated that 23% of the sub-
scale items were positive. A score suggestive of SRBD
was found in 11 children (23.4%). The mean PLMS/
RLS index score was 0.23 6 0.21, with 14 partici-
pants (29.8%) exceeding the clinical cutoff score.
With respect to the PSQ subscales that compose the
SRBD index, the mean snoring subscale score was
0.17 6 0.27, and habitual snoring, which was deﬁned
as snoring more than half the time, was reported for 8
children (17.0%). The mean excessive daytime sleepi-
ness subscale score for LTRs was 0.28 6 0.30, with
19 participants (40.4%) exceeding the clinical cutoff
score of 0.33. Lastly, the mean behavior index score
for the pediatric liver transplant cohort was 0.30 6
0.33. Signiﬁcant symptoms of inattention and hyper-
activity were reported for 20/44 pediatric LTRs
(45.5%). Snoring was signiﬁcantly related to younger
age (r ¼ 0.34, P ¼ 0.02). There were no other signiﬁ-
cant associations with age, sex, or time since trans-
plantation. There were no signiﬁcant differences
across the sleepiness, PLMS/RLS, or behavior
domains with respect to age, sex, or time since
transplantation.
HRQOL
No signiﬁcant differences were found between parent-
proxy reports and children’s self-reported quality of
TABLE 1. Characteristics of Pediatric LTRs (n 5 47)
Age (years)* 10.9 6 4.6
Time since transplantation (years)* 6.2 6 3.9
Sex [n (%)]
Female 26 (55)
Male 21 (45)
Race [n (%)]
White 26 (55)
African American 14 (30)
Other 7 (15)
Diagnosis [n (%)]
Biliary atresia 24 (51)
Acute liver failure 6 (13)
Hepatoblastoma 3 (6)
Alagille syndrome 2 (4)
Choledochal cyst 2 (4)
Argininosuccinic aciduria 2 (4)
Alpha-1-antitrypsin deﬁciency 1 (2)
Autoimmune hepatitis 1 (2)
Budd-Chiari syndrome 1 (2)
Byler syndrome 1 (2)
Hemangioendothelioma 1 (2)
Tyrosinemia 1 (2)
Progressive familial intrahepatic
cholestasis
1 (2)
Nonalcoholic steatohepatitis 1 (2)
Immunosuppressant medications [n (%)]†
Tacrolimus 45 (95.7)
Mycophenolate mofetil (CellCept) 13 (27.7%)
Prednisone 10 (21.3%)
Cyclosporine 2 (4.3%)
Rejection episodes [n (%)]
None 39 (83)
1 7 (15)
2 1 (2)
*The data are presented as means and standard
deviations.
†Twenty-eight (57.6%) of the 47 participants were
prescribed only tacrolimus; 2 (4.3%) were prescribed only
cyclosporine; 7 (14.9%) were prescribed tacrolimus and
mycophenolate mofetil; 4 (8.5%) were prescribed
tacrolimus and prednisone; and 6 (12.8%) were prescribed
tacrolimus, mycophenolate mofetil, and prednisone.
TABLE 2. Pediatric LTRs With Signiﬁcant Sleep
Problems as Measured by the PSQ
Yes
(Score 0.33)
No
(Score < 0.33)
SRBD index (%) 23.4 76.6
Snoring subscale 17.0 83.0
Sleepiness subscale 40.4 59.6
Behavior subscale* 45.5 54.5
PLMS/RLS index (%) 29.8 70.2
*N ¼ 44 for the Behavior subscale.
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life on the PedsQL. With the published cutoff scores
of 65.4 for parent-proxy reports and 69.7 for child-
ren’s self-reports, 40.4% of parents and 43.8% of chil-
dren reported low total HRQOL. Age, time since trans-
plantation, and health status variables were not
signiﬁcantly related to the quality of life.
Relationship Between Sleep Problems and
HRQOL
Parent-Proxy Reports of Children’s HRQOL
Hierarchical regression analyses were conducted to
examine the contribution of SRBD to parent-proxy
reports of children’s HRQOL. Age and time since
transplantation were entered as block 1, and the
SRBD scale was entered as block 2. The regression
analyses revealed that the SRBD subscale of the PSQ
accounted for signiﬁcant variance in parent-proxy
reports on the PedsQL summary scales measuring
children’s psychosocial health (R2 ¼ 0.36, P < 0.001),
physical health (R2 ¼ 0.19, P ¼ 0.004), and total
HRQOL (R2 ¼ 0.35, P < 0.001). In addition, SRBD
accounted for signiﬁcant variance across all subscales
of the parent-proxy PedsQL measure (Table 3).
To determine which domain of the PSQ had the
greatest impact on the quality of life, the sleepiness,
snoring, PLMS/RLS, and behavior subscale scores
were entered into hierarchical regression analyses. Age
and time since transplantation were entered as block 1
in the overall HRQOL model. Sleepiness, snoring,
PLMS/RLS, and behavior scores were entered as block
2. There were no signiﬁcant associations between the
health status variables and the quality of life or sleep
at the bivariate level, so health status variables were
not entered into the regression analyses (Table 4).
Children’s Self-Reports of HRQOL
Hierarchical regression analyses were conducted to
examine the contribution of SRBD to children’s self-
reported HRQOL. Age and time since transplantation
were entered as block 1, and the SRBD scale was
entered as block 2. Regression models for the psycho-
social health, physical health, and total HRQOL sum-
mary scales were not signiﬁcant. Across the subscales
of the PedsQL, the SRBD scale accounted for signiﬁ-
cant variance on the self-reported school functioning
scale (R2 ¼ 0.18, P ¼ 0.03). There were no other sig-
niﬁcant associations between children’s reported
HRQOL and the SRBD scale, age, or time since
transplantation.
To explore which domain of the PSQ had the great-
est impact on the school functioning domain of the
PedsQL, subscale scores were entered into a hierarch-
ical linear regression as described previously. This
regression model did not account for signiﬁcant var-
iance in children’s HRQOL (R2 ¼ 0.28, P ¼ 0.11).
TABLE 3. Regression Analyses of Parent-Proxy Reports of Children’s HRQOL and SRBD
Model PedsQL 4.0 Step Variable b
t for
Within-Step
Predictors R2
R2 Change
for Step F Change Signiﬁcance
1 Total HRQOL 1 Age 0.10 0.06 0.02 0.02 0.33 0.72
Time since
transplantation
0.03 0.15
2 SRBD 0.60* 4.7 0.35 0.33 21.9* <0.001
2 Psychosocial
health
1 Age 0.06 0.35 0.02 0.02 0.034 0.71
Time since
transplantation
0.07 0.41
2 SRBD 0.61* 4.81 0.36 0.35 23.16* <0.001
3 Physical
functioning
1 Age 0.17 0.93 0.02 0.02 0.44 0.65
Time since
transplantation
0.09 0.47
2 SRBD 0.44* 3.04 0.19 0.17 9.24* 0.004
4 Emotional
functioning
1 Age 0.01 0.03 0.02 0.02 0.48 0.62
Time since
transplantation
0.14 0.79
2 SRBD 0.5* 3.62 0.25 0.23 13.10* 0.001
5 Social
functioning
1 Age 0.01 0.05 0.003 0.003 0.07 0.93
Time since
transplantation
0.05 0.28
2 SRBD 0.42* 2.86 0.16 0.16 8.17* 0.007
6 School
functioning
1 Age 0.08 0.44 0.005 0.005 0.10 0.91
Time since
transplantation
0.03 0.17
2 SRBD 0.63* 4.89 0.38 0.37 23.88* <0.001
*P < 0.001.
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Between-Group Comparisons
To determine whether sleep problems were differen-
tially present between children with a high quality of
life and children with a low quality of life, we con-
ducted between-group analyses with the published
cutoff scores of 65.4 for parent-reported total HRQOL
and 69.7 for self-reported total HRQOL. Clinically sig-
niﬁcant sleep problems on the PSQ (cutoff score 
0.33) were more common among children with low
total HRQOL (Table 5). There were no signiﬁcant
TABLE 4. Hierarchical Regression Analyses of Sleep Problems and Parent-Proxy Reports of Children’s HRQOL
Model
PedsQL
Domain Step Variable b
t for
Within-Step
Predictors
R2 Change
for Step F Change Signiﬁcance
1 Total HRQOL 1 Age 0.54 0.29 0.009 0.009 0.84
Time since
transplantation
0.52 0.28
2 Snoring 0.12 0.847 0.366 5.410* 0.002
Excessive daytime
sleepiness
0.20 1.22
PLMS/RLS 0.30 1.87†
Behavior 0.27 1.78†
2 Psychosocial
functioning
1 Age 0.01 0.03 0.01 0.17 0.84
Time since
transplantation
0.09 0.48
2 Snoring 0.14 0.95 0.36 5.20* <0.001
Excessive daytime
sleepiness
0.18 1.09
PLMS/RLS 0.30 1.85†
Behavior 0.27 1.80†
3 Physical
functioning
1 Age 0.16 0.86 0.02 0.40 0.67
Time since
transplantation
0.04 0.24
2 Snoring 0.07 0.43 0.22 2.69‡ 0.05
Excessive daytime
sleepiness
0.20 1.11
PLMS/RLS 0.22 1.25
Behavior 0.18 1.11
4 Emotional
functioning
1 Age 0.03 0.16 0.02 0.32 0.73
Time since
transplantation
0.14 0.75
2 Snoring 0.23 1.53 0.33 4.61* <0.001
Excessive daytime
sleepiness
0.09 0.53
PLMS/RLS 0.36 2.21‡
Behavior 0.14 0.93
5 Social
functioning
1 Age 0.03 0.14 0.01 0.17 0.84
Time since
transplantation
0.08 0.41
2 Snoring 0.05 0.28 0.22 2.63‡ 0.05
Excessive daytime
sleepiness
0.08 0.45
PLMS/RLS 0.32 1.81†
Behavior 0.22 1.30
6 School
functioning
1 Age 0.10 0.56 0.01 0.25 0.78
Time since
transplantation
0.02 0.13
2 Snoring 0.06 0.36 0.30 3.73* 0.01
Excessive daytime
sleepiness
0.25 1.41
PLMS/RLS 0.09 0.53
Behavior 0.37 2.17‡
*P < 0.01.
†P < 0.1.
‡P < 0.05.
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group differences according to children’s self-reports.
According to parental reports, there were signiﬁcant
differences between the high-HRQOL group and the
low-HRQOL group across all domains of the PSQ
except snoring (Fig. 1).
Sleep Problems and Health Status
The snoring subscale of the PSQ was negatively corre-
lated with a child’s age (r ¼ 0.33, P ¼ 0.02) and was
positively correlated with aspartate aminotransferase
(r ¼ 0.37, P ¼ 0.01) and total bilirubin (r ¼ 0.43, P ¼
0.003). There were no signiﬁcant associations
between the remaining subscales of the PSQ and a
child’s age, time since transplantation, weight, height,
body mass index, liver function tests, or immunosup-
pressant medications.
To determine whether elevations on the SRBD scale,
which includes questions related to snoring, were
related to tonsillar hypertrophy, we conducted a chart
review for the 11 patients with SRBD scores in the
clinical range (>0.33). Four of these patients had
undergone tonsillectomy with adenoidectomy (n ¼ 3)
or without adenoidectomy (n ¼ 1) because of tonsillar
hypertrophy, elevated Epstein-Barr virus levels, and
(in 1 patient) a history of posttransplant lymphoproli-
ferative disease; the remaining 7 patients did not have
evidence of elevated Epstein-Barr virus levels or ton-
sillar hypertrophy. There was no signiﬁcant difference
in SRBD scores between patients who had signiﬁcant
Epstein-Barr virus/tonsillar hypertrophy and those
who did not (P ¼ 0.07).
DISCUSSION
This study examined the prevalence of sleep problems
in pediatric LTRs and the impact of sleep problems on
HRQOL. According to parental reports, sleep-related
disturbances and daytime behavior difﬁculties were
prevalent in our cohort of pediatric LTRs. The results
of this study are consistent with existing literature
indicating that pediatric LTRs have low HRQOL in
comparison with healthy peers.3 Approximately 40%
of the participants had a substandard quality of life
according to parental reports and/or self-reports.
Likewise, daytime behavior problems consistent with
symptoms of inattention/hyperactivity were reported
at a high frequency. It was unclear whether these day-
time symptoms were secondary to poor sleep or were
related to cognitive dysfunction.23,24
Sleep disturbances were common in our sample.
Nearly 25% of the parents endorsed clinically signiﬁ-
cant symptoms of SRBD in their children. This was
signiﬁcantly higher than the rate of 11% observed in a
general pediatric clinic sample.18 When we examined
TABLE 5. Children With Signiﬁcant Sleep Problems by
the HRQOL Level as Measured by Parent-Proxy Reports
on the PedsQL
PSQ Domain
High Total
HRQOL
(>65.43)
Low Total
HRQOL
(65.43)
SRBD index (%) 10.0 42.0
Snoring subscale 14.0 21.0
Sleepiness subscale 21.0 68.0
Behavior subscale 32.0 57.9
RLS/PLMS index (%) 17.9 47.0
Figure 1. Comparison of sleep
problems in children with high
HRQOL and children with low
HRQOL according to parent-
proxy reports on the PedsQL.
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the components of the SRBD scale, it appeared that
excessive daytime sleepiness was a signiﬁcant con-
tributor to the elevated scores on this index. Indeed,
the rate for snoring, which is a primary symptom of
SRBD, was comparable to the rate previously reported
for children (17%).18 In contrast, excessive daytime
sleepiness was reported in nearly half of our sample
of pediatric LTRs; this is more than double the rate
observed among children presenting for well-child vis-
its.18 This suggests that daytime sleepiness is a signif-
icant concern among pediatric LTRs. In addition,
nearly a third of the pediatric LTRs in this study
exceeded clinical cutoff scores on the PLMS/RLS
index. This rate is signiﬁcantly higher than the rates
of 2% to 17% observed in population-based23 and
community-based pediatric samples.25 Preliminary
research among adult LTRs suggests that poor sleep
quality, fatigue, and RLS are common after transplan-
tation.6-8 The associations between RLS, fatigue, and
HRQOL in a pediatric transplant population remain
an area for further study.
In studies of adult LTRs, symptoms of sleep difﬁ-
culties have been related to a higher body mass
index and mood disorders.6,7 In this study, sleep dif-
ﬁculties were not related to the body mass index,
time since transplantation, or other measured health
status variables. It is surprising that the child’s
health status, as measured in this study, was not
related to measures of perceived HRQOL or sleep dis-
ruption. This could be related to the possibility that
perceived sleep problems and poor HRQOL in this
population are associated not with physical health
problems but rather behavioral/emotional health
problems. The causes of daytime fatigue and PLMS/
RLS in our pediatric liver transplant population are
unknown. There are various factors that may con-
tribute to poor sleep quality in children, including
poor sleep hygiene, mood disturbances, obesity, and
underlying primary sleep disorders (eg, obstructive
sleep apnea or PLMS/RLS).15,26-28 With respect to
PLMS/RLS, which can have a substantial impact on
sleep quality and quantity, the etiology in pediatric
populations is not deﬁnitive. Research suggests that
serum ferritin levels less than 50 ng/mL may con-
tribute to the severity of RLS symptoms.29 Moreover,
because of the association between RLS/PLMS and
attention deﬁcit/hyperactivity disorder,25 it has been
hypothesized that a lower iron status and dopami-
nergic mechanisms are common factors in the patho-
physiology of these conditions.29 Because of the high
rates of RLS and daytime behavior difﬁculties
reported in this study sample, the further investiga-
tion of potential risk factors such as suboptimal fer-
ritin levels is warranted.
Medications can also contribute to sleep disturban-
ces. Indeed, steroids have been shown to be associ-
ated with sleep disturbances,30,31 and tacrolimus, a
calcineurin inhibitor, has been associated with neuro-
psychological and behavioral side effects and insom-
nia in pediatric renal transplant recipients.32 In this
study, scores on the PSQ were unrelated to the types
of immunosuppressant medications. However, very
few participants were receiving a steroid treatment (n
¼ 10). Further large-scale studies are required to elu-
cidate potential predictors of sleep disturbances,
including PLMS/RLS and daytime fatigue, in a pediat-
ric transplant population.
When we examined the impact of sleep problems on
HRQOL, we found that a disproportionate number of
children with signiﬁcant sleep problems were among
those with low total HRQOL on the PedsQL. The
SRBD scale, which measures nighttime breathing dif-
ﬁculties, excessive daytime sleepiness, and inatten-
tive-hyperactive behaviors, accounted for signiﬁcant
variance in children’s quality of life. Further analyses
revealed that the subscales measuring excessive day-
time sleepiness and symptoms of periodic limb move-
ment and restless legs had the greatest impact on
quality of life. Child-reported school functioning was
most affected by the daytime behavioral domain of the
SRBD.
The results of our preliminary study suggest that
pediatric LTRs may be at increased risk for sleep
problems, daytime sleepiness, and associated day-
time behavioral difﬁculties, which have the potential
to negatively affect HRQOL. Among healthy children,
sleep problems are associated with increased day-
time behavior problems, emotional difﬁculties, and
academic and cognitive deﬁcits.33-35 There is
increasing research supporting the idea that pediat-
ric LTRs are at risk for poor school functioning36,37
and low HRQOL.3 However, modiﬁable factors con-
tributing to deﬁcits in cognitive functioning and
HRQOL remain relatively unknown. It is possible
that lower HRQOL could be ameliorated by the iden-
tiﬁcation and treatment of sleep problems and day-
time sleepiness.
Untreated sleep disorders may lead to poor health
outcomes, including potentially deleterious effects on
the cardiovascular and immune systems.28,38,39 In
addition, the correlation of sleep problems and lower
HRQOL raises the possibility that interventions aimed
at improving sleep12,40-42 could potentially have a
positive impact on academic and behavioral function-
ing in pediatric LTRs. Thus, the screening and appro-
priate treatment of sleep disorders among pediatric
LTRs may contribute to better long-term health
outcomes.
Our study was limited because it was a small,
cross-sectional, single-center study. The ability to
detect group differences based on children’s self-
reports was limited by insufﬁcient power. Moreover,
sleep problems were measured with a subjective ques-
tionnaire completed by parents and not with objective
measures of sleep disruption such as overnight poly-
somnography. Moreover, the association between
sleep and HRQOL is unlikely to be unidirectional.
Individuals with poor HRQOL, particularly in the
areas of emotional functioning, may have increased
risk for sleep difﬁculties, including insomnia and day-
time fatigue. Likewise, this study did not investigate
the level of family distress, which may also affect a
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child’s HRQOL and sleep patterns. Because the meas-
ures used in this study have not been validated in
children less than 2 years of age, we did not assess
sleep disruption and perceived quality of life for pedi-
atric LTRs less than 2 years of age. It is premature to
generalize the ﬁndings of this study to the very young
pediatric LTR population. Nonetheless, these data
suggest that there is a need for increased awareness
of sleep disturbances among clinicians who care for
pediatric LTRs. Further prospective, multicenter stud-
ies are needed to determine underlying factors con-
tributing to the association between sleep disturban-
ces and poor HRQOL in pediatric LTRs.
Despite the limitations, the results of this pilot study
have potential clinical implications. On the basis of the
early results of this study, our clinic has begun to rou-
tinely screen patients for the presence of sleep prob-
lems with the BEARS (Breathing, Excessive sleepiness,
Awakenings, Regularity, Snoring) screening method,
which brieﬂy assesses patients for breathing, excessive
sleepiness, arousal, regularity of sleep, and snoring.43
Patients who have positive screens are referred to our
pediatric sleep clinic for further evaluation and treat-
ment as needed. We continue to prospectively study
sleep both before and after transplantation to identify
prevalence rates and potential risk factors. Future
directions include the use of objective sleep measures
such as polysomnography and actigraphy.
In summary, sleep problems were common in this
cohort of pediatric LTRs and predicted signiﬁcant var-
iance in parent-proxy reports of HRQOL. At this point,
it remains unclear whether this association is medi-
ated by symptoms of underlying sleep disorders, ex-
cessive daytime sleepiness, or associated daytime
behavior problems. However, the signiﬁcant relation-
ships between sleep difﬁculties and HRQOL provide
guidance for future assessments and interventions
because sleep disorders are readily modiﬁable. Pro-
spective larger scale studies are needed to assess fac-
tors that may lead to sleep difﬁculties and low HRQOL
in this population. The appropriate detection of signif-
icant sleep problems may lead to interventions that
could beneﬁt the quality of life of pediatric LTRs.
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